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A B S T R A C T
This study aims at a high-resolution analysis of Y-chromosome J and E haplogroups among Andalusians to recon-
struct Neolithic, protohistorical and historical migrations in the Mediterranean region. Genotyping of two samples from
Granada (n=250 males) and Huelva (n=167 males) (Spain) with Y-chromosome binary and microsatellite markers was
performed, and the results compared with other Mediterranean populations. The two samples showed genetic differences
that can be associated with different evolutionary processes. Migrations toward Andalusia probably originated in the
Arabian Peninsula, Fertile Crescent, Balkan region and North Africa, and they would have predominantly occurred in
protohistoric and historic times. Maritime travel would have notably contributed to recent gene flow into Iberia. This
survey highlight the complexity of the Mediterranean migration processes and demonstrate the impact of the different
population sources on the genetic composition of the Spanish population. The main in-migrations to Iberia most likely
did not occur through intermediate stages or, if such stages did occur, they would have been very few.
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Introduction
The strategic position of the Iberian Peninsula, which
covers 582,860 km2 and is situated at the most south-
western end of Europe, its proximity to the African conti-
nent, and its orographic characteristics, which make
movements within the Peninsula difficult, have had
striking implications for the successive processes of hu-
man settlement throughout prehistory and history. Dur-
ing the Last Glacial Maximum (LGM), the Iberian Penin-
sula was one of the few European refuges for the human
population, and after the improvement of climate condi-
tions, population dispersals occurred towards other Eu-
ropean regions. Subsequently, in prehistoric and historic
times, several population movements took place from the
Eastern Mediterranean, North Africa and Europe to the
Peninsula. These inputs were particularly intense in the
most southern region of the Peninsula (Andalusia re-
gion) and in the Spanish Levante (Valencia region and its
adjacent coasts) and their genetic effects could have been
strongly affected by the considerable population size of
the Peninsula, the limited population size of northwest
African descent, and the demography of the easternmost
Mediterranean from prehistory through the largest part
of the Antiquity. Consequently, the ethnic profile of the
Iberian Peninsula should be considered rich and com-
plex. Archaeological evidence suggests that around 4,000
BC, Iberia was most densely populated along its Mediter-
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ranean and South Atlantic coasts (stretching for 3,080
km). Population density in these regions has been esti-
mated1 to be ~2–5 inhab/km2.
Two Andalusian subpopulations originating of the
Huelva and Granada provinces were selected to carry out
the present survey. Huelva is the most southwestern
Andalusian province, and Granada is geographically lo-
cated just on the eastern side of the region (see Figure 1).
Both territories are mountainous in part and are located
along the Andalusian coastal fringe. The territories are
approximately 300 km apart and are more than 1,000 km
away from the Pyrenees. Furthermore, Huelva and Gra-
nada have a long, important and differentiated history.
Huelva is identified with the ancient, protohistorical
Tartessian civilisation. The city and kingdom of Tar-
tessos (ca. 800–540 BC) were presumably situated in the
Huelva region2. Since the 13th century, Huelva shared a
border with Portugal. Granada is especially known for
the Nazari Kingdom (13th–15th centuries), which ex-
tended the Muslim domination in that region for two and
a half centuries longer than in the rest of the Peninsula,
and whose cultural and ethnic repercussions were espe-
cially profound3. During the first half of the Middle Ages,
the high population density of Andalusia contrasted sig-
nificantly with the semi-depopulated lands of the north
of the Peninsula, which had no major cities. Thorough in-
formation on the prehistory, history, territory, and geog-
raphy of Huelva can be found in an earlier survey4.
The significant number of studies performed in the
last five years on the phylogeography of the major clades
of the human Y chromosome tree [haplogroups (Hgs)],
based mostly on single nucleotide polymorphisms (Y-SNPs)
and some insertion/deletion polymorphisms (small in-
dels), has shown that, in general, geography seems to be
the main factor that has shaped the genetic diversity pat-
terns observed within and among continents5. The distri-
bution of specific haplogroups is restricted to defined
continents or major areas, and hence contributes to the
structuring of large contemporary human populations6–9.
Furthermore, the continuing discovery of Y-SNPs that
define new lineages internal to these larger clades are
leading to a more refined and complex phylogeny, which
allows the detection of subtle signatures of recent admix-
tures as a result of demographic events, and the unveil-
ing of genetic distinctions among geographical sub-re-
gions.
By virtue of extensive studies Hgs E and J share the
above properties, allowing researchers to evaluate the
degree of phylogenetic diversification also on small spa-
tial scales (e.g. Mediterranean sub-regions). Some of the
lineages or sub-lineages of E and J have reached the
Mediterranean, occurring in informative frequencies
among their populations, especially in populations of
coastal areas. These results are currently being inter-
preted in terms of directionality, intensity and antiquity
of the migratory processes and their relevance in the con-
tinuous genetic flow inside this geographic space10–14.
The available data on Y-chromosome binary haplo-
group diversity in Spanish populations are relatively
abundant, even though they are far from being homoge-
neous with respect to the levels of genealogical resolution
reached, so that it would make necessary calling for their
refinement. The diversity of paternal lineages in the
Andalusian population samples indicates that these pop-
ulations have integrated multiple migrations and that
the sources of gene flow appear to be more intense and
diverse in the west than in the east of Andalusia. The re-
sults recently published on the E haplogroup for the
autochthonous population of Huelva15 have revealed high
genetic diversification of this major clade, with a fre-
quency of 3% of the E-M81 subclade, which is commonly
referred to as the »Berber marker«. The appreciable rep-
resentation (4%) of the E-V13 lineage, which has maxi-
mum frequency in the Balkans, and the co-occurrence of
E-M34 (1.34%), which is clearly prevalent among Jews,
constitute other interesting results.
The present study aimed at performing a high-resolu-
tion analysis of Y-chromosome J and E haplogroups and
their internal diversities among Andalusians from Gra-
nada province, and on the J haplogroup in the population
sample from Huelva province to discern in which way
those lineages were introduced in the Iberia Peninsula
through Andalusia. The genetic data we produced were
further analysed in terms of population sub-structuring;
our results are framed within the complex demographic
and historical context of the region.
Materials and Methods
Populations, sampling process and population
samples
The map of Andalusia, the location of the two studied
provinces and the municipalities where the sampling was
performed are displayed in Figure 1. Sampling localities
were selected following regional and demographic stabil-
ity criteria. Both capital cities and the municipalities sit-
uated along the coast were avoided because of their in-
tense demographic growth or their tourist relevance.
The number of healthy, unrelated autochthonous males
sampled and genotyped in the current study was 250
from Granada and 167 from Huelva. The collection of
samples took place between 2004 and 2008. Blood sam-
ples were taken by medical staff associated with the Juan
Ramón Jiménez Hospital in Huelva, and the Blood Trans-
fusion Centre in Granada. In each phase of our fieldwork
(11 in total), two members of our research group (RC and
BA) participated in the sample collection process. Each
donor was carefully informed about the goals of this re-
search project. After procuring the appropriate informed
consent in accordance with the Spanish Legislation on
Biomedical Research, blood samples were taken from
subjects representing at least the third generation born
in the same province.
Genomic DNA was isolated from approximately 5–7
mL of fresh, whole, EDTA-treated blood using a standard
proteinase-K digestion followed by phenol-chloroform
extraction and ethanol precipitation.
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Genotyping of haplogroups
For the analysis of the E and J Y-DNA haplogroups
and their subclades, we have followed the Y Chromosome
Consortium (YCC) nomenclature7 (http://ycc.biosci.ari-
zona.edu/). Updated information on Y-DNA chromosome
haplogroups and their subclades and nomenclature can
be found at http://www.isogg.org/.
The Granada population sample was first analysed
for the presence/absence of the Y-chromosome Alu poly-
morphism (YAP element, DYS287)16. All YAP (+) indi-
viduals were tested to search for the presence of SNPs in-
ternal to Hg E, following the preceptive hierarchical
order. The remaining YAP (–) Granada samples, together
with those from Huelva, were further genotyped for the
12f2 marker17 to identify haplogroup J. The Huelva sam-
ple had been characterised earlier for haplogroup E15. To
investigate Hg E in the Granada sample, protocols iden-
tical to those used in the Huelva sample were applied.
The total number of binary polymorphisms (SNPs) used
to characterise Hg E was sixteen.
For the analysis of Hg J a total of nine SNPs, M267,
M172, M365, M367, M369, M410, M67, M12 and M241,
were genotyped using either RFLP detections or direct
sequencing following a hierarchical order. All of these
SNPs were amplified using previously published pri-
mers11,18. The dinucleotide DYS413 and tetranucleotide
DYS445 microsatellite loci were analyzed in all M410 de-
rived samples19 using primers published in20,21.
Microsatellite markers
All (n=417) Andalusian samples were also typed for
16 Y-chromosome specific microsatellites using the Amp-
FlSTR® Yfiler™ Kit (Applied Biosystems). Alleles of micro-
satellites or STRs (short tandem repeats) were designated
based on the number of variable repeats included22. For
the Y-STR population comparison analysis, we consid-
ered either the »nine loci extended haplotype« (http://
www.yhrd.org) without the DYS385a/b microsatellites or
the »seven loci minimal haplotype«. The number of re-
peats in DYS389II was subtracted from DYS389I. As a
result, haplogroup diversity was analysed in terms of the
observed biallelic markers (Y-SNPs) and the haplotype
diversity due to the variation of microsatellites (Y-STRs)
associated with each lineage within a haplogroup.
Data analysis
Haplogroup (h) and haplotype (H) genetic diversities,
shared haplotypes, and AMOVA (Analysis of Molecular
Variance) were calculated using the ARLEQUIN 3.1 soft-
ware23. Repeat variance and mean repeat variance were
calculated for Y-STR markers24, using MICROSAT soft-
ware: http://hpgl.stanford.edu/projects/microsat/. The c2
test and the FST genetic heterogeneity parameter were
used to evaluate random deviations of haplogroup fre-
quencies between populations.
Geographical variation for the J and E sub-haplo-
groups was analysed by Hierarchical Cluster Analysis
(HCA) using the statistical program SPAD (Système Por-
table Pour l’Analyse de Donnés25). HCA is a very power-
ful multivariate tool because it includes both Principal
Component Analysis (PCA) and Factorial Analysis (FA),
such that it finds clusters of observations within a data
set. HCA was performed based on Euclidean distances
and Ward’s linkage algorithm. For Hg J, we have in-
cluded data sets from another 37 population samples
taken from the literature (see Table 1). Genetic informa-
tion was based on population frequencies of the following
J lineages: J*, J1-M267, J2*, J2a-M410 and J2b- -M12. In
the case of Hg E, we used the population database pub-
lished in15, but including our new results, which are the
first results concerning Hg E among Granada Andalu-
sians. The sample size for each population sample se-
lected was >20.
For the J1 (M267) and J2a (M410) haplogroups, the
phylogenetic relationships among 7 microsatellite haplo-
types (Minimal Haplotype without DYS385a/b) were ob-
tained by sequentially performing reduced-median and
median-joining procedures26,27 using the NETWORK 4.5
program (http://www.fluxus-engineering.com/sharenet.
htm). To reduce reticulations in the network, micro-
satellites were weighted proportionally to the inverse of
the repeat variance observed in each haplogroup. For
this analysis, a set of Mediterranean population samples
for which the detailed data were available in the litera-
ture were used.
Likewise, contour maps were generated for the J1-
-M267 and J2a-M410 lineages, and data were obtained
from the same database used to construct the HCA. The
maps were created using the SURFER v.8 geostatistic
program (Golden Software, Inc), and irregularly located
data were interpolated (gridded) using the Kriging me-
thod28.
The program BATWING29,30 was used to obtain dat-
ing estimates of haplogroup/sub-haplogroup antiquity
based on the diversity of 15 microsatellites (Y-STRs),
with each lineage treated independently. It is assumed an
unbounded single stepwise mutation model for the micro-
satellite loci and a coalescent process under an exponen-
tial model of population growth from an initially con-
stant-size population. The priors for a (the rate of increase
of population size) and b (the time of start of population
growth) were relaxed to UNIFORM (0.0, 0.04) and (0.0,
1.0), respectively, in order to explore the signature of
population growth which is present in the data. For each
Y-STRs the mutation rates published in the Y Chromo-
some Haplotype Reference Database (http://www.yhrd.org)
were used.
Results
The frequency of Hg J and the sub-haplogroups ob-
served in the two examined samples of autochthonous
Andalusians (a), together with the Y-STR haplotypes as-
sociated with each of the J lineages (b), are shown in Ta-
ble 2. Haplogroup J occurs at 9.20% in Granada and
7.20% in Huelva. These findings are in agreement with
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TABLE 1
THE GEOGRAPHICAL DISTRIBUTION OF HAPLOGROUP J AND SOME OF ITS MAIN INFORMATIVE SUBHAPLOGROUPS OBSERVED IN






Populations ACRN1 Region2 n No. % J* J1-M267 J2-M172 J2* J2a-M410 J2b-M12 References
1. Spanish
Basques
ESBA IB 48 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Semino et al. 2004
2. Catalans ESCN IB 28 1 3.57 0.00 0.00 3.60 0.00 3.60 0.00 Semino et al. 2004
3. Andalusians
(Huelva)
ESAH IB 167 12 7.19 0.00 2.40 4.79 0.00 2.99 1.80 Present study
4. Andalusians
(Granada)
ESAG IB 250 23 9.20 0.40 2.80 6.00 0.40 4.80 0.80 Present study
5. Andalusians ESAN IB 93 8 8.60 0.00 1.10 7.60 2.20 4.30 1.10 Semino et al. 2004
6. Netherlands NL WEU 34 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Semino et al. 2004
7. Italians
(Northern Italy)
ITN CEU 126 13 10.32 0.00 0.79 9.58 0.00 7.20 3.38 Di Giacomo et al. 2004
8. Italians
(Southern Italy)
ITS CEU 595 149 25.04 0.00 2.00 23.00 8.68 12.38 1.95
Di Giacomo et al. 2004,
Semino et al. 2004
9. Sicilians (Italy) ITSY CEU 42 10 23.81 0.00 7.14 16.70 11.90 4.80 0.00 Semino et al. 2004
10. Sardinians
(Italy)
ITSD CEU 144 18 12.50 0.00 2.78 9.78 2.78 4.90 2.10 Semino et al. 2004
11. Czechs CZ CEU 75 4 5.33 0.00 0.00 5.33 0.00 0.00 5.33 Battaglia et al. 2008
12. Hungarians HU EEU 53 1 1.89 0.00 0.00 1.90 0.00 1.90 0.00 Battaglia et al. 2008
13. Poles PL EEU 99 2 2.02 0.00 1.00 1.00 0.00 0.00 1.00 Battaglia et al. 2008
14. Croats HR EEU 89 4 4.49 0.00 0.00 4.49 0.00 1.12 3.37 Battaglia et al. 2008
15. Bosniacs BA EEU 84 12 14.29 0.00 2.40 12.00 0.00 8.40 3.60 Battaglia et al. 2008
16. Slovenians SI EEU 75 3 4.00 0.00 1.33 2.60 0.00 2.60 0.00 Battaglia et al. 2008
17. Bulgarians BU EEU 39 9 23.08 0.00 5.13 18.03 0.00 12.90 5.13 Di Giacomo et al. 2004
18. Albanians AL EEU 111 26 23.42 0.00 3.60 19.80 0.00 5.40 14.40
Semino et al. 2004,
Battaglia et al. 2008
19. Greeks GR EEU 341 73 21.41 0.20 1.90 19.35 1.20 12.00 6.15
Di Giacomo et al. 2004,
Battaglia et al. 2008
20. Greeks (Crete) GRC EEU 193 75 38.86 0.00 8.29 30.61 0.00 27.50 3.11 King et al. 2008
21. Belarusians BY EEU 39 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Di Giacomo et al. 2004
22. Ukrainians UA EEU 92 6 6.52 0.00 0.00 6.60 0.00 3.30 3.30 Battaglia et al. 2008
23. Romanians RO EEU 130 15 11.54 0.00 1.50 10.10 0.00 10.10 0.00 Di Giacomo et al. 2004
24. Russians RU EEU 223 4 1.79 0.00 0.45 1.35 0.00 1.35 0.00 Di Giacomo et al. 2004
25. Turkish TR SWA 893 281 31.47 0.07 7.96 23.48 10.18 11.99 1.31
Cinnioglu et al. 2004, Di
Giacomo et al. 2004,
Semino et al. 2004
26. Caucasians CA SWA 150 51 34.00 0.00 8.73 25.83 0.00 25.18 0.65
Battaglia et al. 2008, Di
Giacomo et al. 2004
27. Ashkenazim
Jewish
ILA SWA 82 31 37.80 0.00 14.60 23.21 12.20 9.80 1.22 Semino et al. 2004
28. Sephardim
Jewish
ILS SWA 42 17 40.49 0.00 11.90 28.61 23.81 2.40 2.40 Semino et al. 2004
29. Syrians SY SWA 50 16 32.00 0.00 18.00 14.00 0.00 14.00 0.00 Di Giacomo et al. 2004
30. Iraqi IQ SWA 156 79 50.64 0.00 28.20 22.50 10.20 9.70 2.60 Semino et al. 2004
31. Iran IR SWA 150 52 34.67 0.00 11.33 23.30 0.00 20.00 3.30 Regueiro et al. 2006
32. Qatar QA SWA 72 48 66.67 0.00 58.33 8.38 0.00 5.60 2.78 Cadenas et al. 2008
33. Yemenites YE SWA 62 51 82.26 0.00 72.58 9.60 0.00 9.60 0.00 Cadenas et al. 2008
34. United Arab
Emirates
AE SWA 164 74 45.12 0.00 34.76 10.32 0.00 9.10 1.22 Cadenas et al. 2008
35. Tunisians TN NAF 73 25 34.25 0.00 30.14 4.11 1.37 0.00 2.74 Semino et al. 2004
36. Egyptians EG NAF 47 11 23.40 0.00 12.77 10.63 2.13 8.50 0.00 Di Giacomo et al. 2004
37. Sudanese SD EAF 40 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Semino et al. 2004
other observations14,31 when analysing general Andalu-
sian samples.
The geographic distribution of J sub-haplogroups be-
tween the Granada and Huelva subpopulations did not
exhibit a significant degree of heterogeneity (FST=0.033,
p=0.810); the estimated J internal diversities for these
populations were, respectively, 0.858±0.046 and 0.849±
0.074. FST was calculated only on haplogroup J data, to
evaluate its internal diversity across populations. Thus,
the fixation indexes Hg of J reported here are not com-
parable with those ones that include all chromosomes
within a population sample.
Within the Iberian Peninsula, the average frequency
of Hg J is approximately 8% and varies from zero (in the
Basque region) to 18% (among southern Portuguese)
(see14,32). In Portugal, this Y-chromosome marker dis-
plays a distribution pattern with increasing frequencies
from the north to the south33. Across Mediterranean Eu-
rope, Hg J also seems to show a clinal distribution from
the west to the east11,34,35. Peak frequencies of the J
haplogroup are concentrated in the Middle East and in
the neighbouring southwest Asian populations (30–82%).
These figures are lower in northern Africa (Hg J: 20% as
an average)13,14,36,37.
One of the two main subclades that shape the J clade
is J1-M267, which ranges from 0 to 8% in Europe. In our
Andalusian sample, the overall frequency is 2.60%. All J1
(n=11) chromosomes sampled were further genotyped
for M365, M367 and M369 binary markers, which define
distinct J1 internal lineages. The presence of the J1*
paragroup was detected in all cases as none of these three
polymorphisms was identified (see Table 2a). This find-
ing closely agrees with other population studies, which
have also found that diversity within the J1 clade is very
low as compared with the abundance of the internal lin-
eages of the J2 subclade38.
Peak frequencies of J1 Y-chromosomes seem to be
restricted39 to the Arabian region (Qatar: 58%, Yemen:
73%) and the northeast Caucasus (Dagestan) (45–80%)40.
In Levantine areas, haplogroup J1 reaches frequencies of
approximately 31%41, and in northern Africa, it ranges
between 5% and 30%13,14,36.
Another major lineage within the J clade is J2-M172,
which ranges from 0 to 30% in Europe13,14,35. In our
Andalusian samples, this lineage occurs at frequencies of
5–6%, whereas in other Iberian populations, J2 varies
from 3% (in the Basque area) to 15% (in southern Por-
tugal)32. In Sicily, J2 is one of the most represented Y-
chromosome J sub-haplogroups, being found at frequen-
cies of 15% on the eastern side and 7% on the western
side of the island42. In northern Africa, this sub-hap-
logroup is better represented in Egypt (northern Egypt:
9.30%) than in Morocco (2%)10, and is nearly absent in
eastern Asia43.
Andalusian Y-chromosomes carrying the M172 muta-
tion (n=18) harboured a number of J2 derived lineages




ETA EAF 48 17 35.42 0.00 33.33 2.10 0.00 2.10 0.00 Semino et al. 2004
39. Ethiopians
(Oromo)
ETO EAF 78 3 3.85 0.00 2.56 1.28 0.00 0.00 1.28 Semino et al. 2004
1, 2 Populations were denoted by the first two letters used in country code top-level domains for Internet addresses (http://www.iana.

















J* 1 (0.40) 0
J1* 7 (2.80) 4 (2.40)
J1b 0 0
J1e1 (J1c3a) 0 0
J1e2 (J1c3b) 0 0
J2* 1 (0.40) 0
J2a* 1 (0.40) 0
J2a1* (J2a4*) 4 (1.60) 1 (0.60)
J2a1b (J2a4b) 4 (1.60) 1 (0.60)
J2a1h (J2a4h1a) 3 (1.20) 3 (1.80)
J2b* 1 (0.40) 1 (0.60)
J2b2 1 (0.40) 2 (1.20)





Karafet et al. 2008




H1 J*-12f2 15 12 28 24 10 11 12 15,18 9 12 1
H2 J1*-M267 14 12 29 23 10 11 12 13,18 10 11 1
H3 J1*-M267 14 13 26 23 10 11 12 14,17 10 12 2
H4 J1*-M267 14 13 29 23 10 11 12 14,18 10 12 1
H5 J1*-M267 14 13 31 22 10 11 12 14,18 10 12 1
H6 J1*-M267 14 14 30 23 10 11 12 13,20 10 11 2
H7 J2*-M172 14 13 31 22 10 11 12 14,18 10 12 1
H8 J2a*-M410 14 13 30 24 11 11 13 13,14.2 9 11 1
H9 J2a1*-DYS413<18 14 13 30 23 10 11 12 15,17.1 9 11 1
H10 J2a1*-DYS413<18 14 13 31 23 10 11 12 12,17 9 11 1
H11 J2a1*-DYS413<18 15 12 28 24 10 11 12 16,20 9 11 2
H12 J2a1b-M67 14 12 29 24 10 11 12 13,18 9 12 1
H13 J2a1b-M67 14 13 29 23 10 11 12 13,15 9 11 1
H14 J2a1b-M67 14 13 29 23 10 11 12 13,16 9 10 1
H15 J2a1b-M67 15 14 31 23 12 11 12 12,13 9 11 1
H16 J2a1h-DYS445<7 15 13 29 23 9 11 12 16,16 9 13 1
H17 J2a1h-DYS445<7 15 13 30 24 9 11 12 14,19 9 11 1
H18 J2a1h-DYS445<7 16 13 29 23 9 11 12 13,16 9 11 1
H19 J2b*-M12 15 12 28 24 10 11 12 16,18 9 12 1
H20 J2b2-M241 15 12 28 24 10 11 12 15,18 9 12 1
H21 J1*-M267 14 13 26 23 10 11 12 14,16 10 12 1
H22 J1*-M267 14 13 30 23 10 11 12 13,15 10 12 1
H23 J1*-M267 14 13 30 23 10 11 12 13,20 10 11 1
H24 J1*-M267 14 13 30 23 10 13 12 13,14 10 12 1
H25 J2a1*-DYS413<18 15 13 29 23 10 11 12 12,12 9 12 1
H26 J2a1b-M67 15 14 30 23 10 11 12 13,15 9 11 1
H27 J2a1h-DYS445<7 15 13 29 23 9 11 12 13,15 9 11 2
H28 J2a1h-DYS445<7 15 13 29 23 9 11 12 13,16 9 11 1
H29 J2b*-M12 15 13 30 24 10 11 12 14,19 9 12 1
H30 J2b2-M241 15 12 28 24 10 11 12 15,18 9 12 1







































































FREQUENCY AND EXTENT OF DIFFERENTIATION OF Y-CHRO-
MOSOME HAPLOGROUP J OBSERVED BOTH WITH BIALLELIC
MARKERS (Y-SNPs) (A) AND MICROSATELLITES (Y-STRs) (B) IN
THE ANDALUSIAN SUBPOPULATIONS FROM GRANADA AND
HUELVA
(h=0.8571±0.057). One interesting J2 sub-haplogroup is
J2a-M410, with frequencies of 4.80% in Granada com-
pared to 3% in Huelva. High frequencies of the M410
polymorphism have been found in Central and Mediter-
ranean Turkey (19%) as well as in neighbouring Greece
(12%)11,13,34. Within the J2a-M410 subcluster, we detected
the J2a1-DYS413<18, J2a1b-M67 and J2a1h- -DYS445
<7 lineages at frequencies lower than 2%. Comparatively
high values of J2a1b have been observed in southern
Italy13 (8.10%), Greece34 (7.6%) and Turkey11 (6.31%). In
addition, the J2a1h occurs in Mediterranean Anatolia
(7%)44, and is relatively well represented on the island of
Crete (4%)19. Given the particular phylogeographical pat-
tern of J2a across the Mediterranean as well as in Middle
Eastern and western-central Asian populations, some
authors have interpreted this scenario as being associ-
ated, at least in part, with the spread of agriculture43.
However, others have proposed that the J2a1b lineage
might have emerged in the Aegean area, possibly during
the population expansion of the Greek world, including
the European coast of the Black Sea13,45.
Another lineage within the J2 clade is the J2b-M12
(formerly J2e). In Europeans, this has a high prevalence
in the Balkans that makes it a specific J subclade of that
region34. In other surrounding Mediterranean areas, this
lineage is present, though it is less common (e.g., Italian
Peninsula: 4%), so it has been suggested that it might
trace the subsequent diffusion of people of the Balkan re-
gion to the west14. Interestingly, J2b is virtually absent in
other western and central European populations, such as
Spanish Basques, Catalans, Sicilians, the Dutch, Hun-
garians and Slovenians13,14,34. The distribution pattern of
J2b within Europe is parallel to that observed for E-V13.
Both of these account for more than one-fourth of the
chromosomes currently found in the southern Balkans,
highlighting the strong demographic impact of the ex-
pansion in the area, particularly during the Bronze Age12.
In the Granada sample, a single Y chromosome was
also found that exhibited the rarest and basal J* marker,
and another chromosome was found corresponding to
J2*. Because paragroup J* is very rarely found through-
out the Mediterranean area11,13, this marker should be
considered an outstanding feature of the genetic consti-
tution of Granada Andalusians.
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Fig. 1. Map of Iberia showing the location of Andalusia region. The two studied Andalusian provinces: Granada and Huelva with the































E1b1b1* 0 2 (1.20)
E1b1b1a* 0 2 (1.20)
E1b1b1a1* 2 ( 0.80) 1 (0.60)
E1b1b1a1b 0 0
E1b1b1a2* 2 ( 0.80) 7 (4.19)
E1b1b1a2a 0 0
E1b1b1a3 0 0
E1b1b1a4 0 1 (0.60)












H1 E1b1b1a1*- V12 13 13 30 23 10 11 13 16,16 10 15 1
H2 E1b1b1a1*- V12 13 13 31 24 11 11 13 14,16 10 12 1
H3 E1b1b1a2*- V13 13 13 30 24 10 11 13 14,18 10 13 1
H4 E1b1b1a2*- V13 13 13 30 24 10 11 13 16,18 10 12 1
H5 E1b1b1b*- M81 13 14 29 24 9 11 13 13,15 10 10 1
H6 E1b1b1b*- M81 13 14 30 23 9 11 13 13,14 9 10 1
H7 E1b1b1b*- M81 13 14 30 24 9 11 13 13,13 10 10 1
H8 E1b1b1b*- M81 13 14 30 24 9 11 13 13,14 10 10 2
H9 E1b1b1b*- M81 13 14 30 24 9 11 13 13,14 10 11 1
H10 E1b1b1b*- M81 13 14 30 24 9 11 13 14,14 10 10 1
H11 E1b1b1b*- M81 13 14 30 24 9 11 14 13,14 10 10 1
H12 E1b1b1b*- M81 14 14 30 24 9 11 13 13,14 10 11 1
H13 E1b1b1c1- M34 13 13 30 23 9 11 14 15,15 10 13 1
H14 E1b1b1c1- M34 13 13 32 24 10 11 13 16,20 10 12 1
H15 E1b1b1c1- M34 14 14 32 23 10 11 13 16,18 10 13 1













































































FREQUENCY AND THE EXTENT OF DIFFERENTIATION OF
Y-CHROMOSOME HAPLOGROUP E OBSERVED BOTH WITH
BIALLELIC MARKERS (Y-SNPs) (A) AND MICROSATELLITES
(Y-STRs) (B) IN GRANADA ANDALUSIANS
Table 3 shows the frequency and composition of Hg
E-M35 (formerly E3b) among Andalusians from Gra-
nada; for comparison, the Hg E results we observed in
the population of Huelva15 are also presented. The fre-
quency of Hg E and its internal diversity are lower in
Granada than in Huelva. In the Granada sample, Hg E is
significantly represented by the E-M81 subclade; that is,
more than half (9 occurrences) of the Y-chromosomes
containing the YAP element (YAP+) carried the muta-
tion M81 (3.60% of the total; 53% of the Hg E) being
identified all of them as E-M81* (E1b1b1b*) because
these chromosomes did not carry derivate alleles at
M107 and M165. Other authors31,32,46 found frequencies
of M81 in Iberia ranging from 0 to 9%. Basques from
Spain register the lowest levels (1–3.6%) of Hg E14,32,47,48.
The other Hg E subclades observed in the Granada
sample correspond to E-M78 and E-M123, the latter oc-
curring at high frequencies (10–12%) among Jews49. The
frequency of M78 is rather low (1.60%), and only two ma-
jor internal branches of this haplogroup, E-V12 and
E-V13, have been found. Thus, we can conclude that
Granada is less diverse than Huelva for Hg E; both
Andalusian subpopulations contain an almost-equal fre-
quency of E-M81 (»3%) and E-M123 (M34) (»1.40%),
whereas the V13 lineage is observed to be four times
more common in Huelva than in Granada. Consequently,
the estimated Hg E diversity (h=0.676±0.09) was low in
the Granada sample, in contrast to what was found
(0.821±0.06) at the other extreme side of the region. In
support of this, the value c2=3.32, p=0.069 was highly
correspondent to the FST=0.083, p=0.055, showing an
almost significant genetic differentiation in the geogra-
phic distribution pattern for Hg E in the region.
For the sake of comparisons, the composition of E
clade in some selected Iberian populations from different
regions (most sample sizes 50) is shown in Figure 2.
This simple plot interestingly highlights the remarkable
heterogeneous occurrence of the E-M81 and E-M78 sub-
clades among Spanish and Portuguese populations, as
well as the widespread distribution of E-M123 (M34)
within the Peninsula. Likewise, it is interesting to note
that the M35* paragroup is concentrated in western Ibe-
rian coastal populations, though it has not been found in
other southern and eastern Spanish samples (e.g., Gra-
nada, Valencia). In most Mediterranean populations, the
M33 and M2 mutations show frequencies lower than 1%.
Analysis of the distribution patterns of some lineages
within the Peninsula (e.g., E-M81 and E-V13) in compar-
ison to historical records suggests that further confirma-
tion of these results is required, giving particular atten-
tion to adequate sample sizes, sampling processes within
local areas and autochthony of the people sampled.
A Hierarchical Cluster Analysis was performed (Fig-
ure 3) to examine the population structure based on five
J haplogroup/paragroup frequencies for a set of world-
wide populations (Table 1). The HCA was constructed on
the three first principal components (PCs) which account
for a high percentage of the variance (98%), with PC1
capturing most of variation (78%). The multivariate
analysis provided five clusters, with the J1-M267, J2*
and J2a-M410 lineages significantly defining the genetic
map. When the inertia decomposition on the first three
axes is computed, the quotient (inertia interclusters/in-
ertia total) equals 0.88. This value is highly coherent
with the number of major ramifications shown by the
tree, and it demonstrates that a high percentage of the
data variation is explained by these five clusters. Cluster
1 (C1) is positioned on the positive sides of axes 1 and 2,
and it is shaped by 24 populations, 87% of which are of
European origin (including the two Andalusia samples
studied), plus two other with African origins: Sudanese
and Ethiopians (Oromo)14. C1 is defined by low and rela-
tively homogeneous frequencies of the active variables
J2*, J1-M267 and J2a-M410, each of which show signifi-
cant differences with respect to the overall mean (p<
0.004). PC3 is determined by the J2* variable which, in
turn, genetically characterises C2 with high mean fre-
quencies of this J paragroup (cluster mean=13.35; p=
0.000). Consequently, C2 is better defined by the plane
PC1-PC3, and includes Italians from Sicily and southern
Italy, Turks and Ashkenazi and Sephardic Jews. Like-
wise, C3 includes samples from mainland Greece and
Crete, Albania, Caucasus, Syria, Iran, and Egypt. C3 is
defined by highly significant frequencies of J2a-M410
(cluster mean=17.15; p=0.000).
Clusters C4 and C5, which are positioned across the
negative side of axis 1, are both genetically characterised
by high levels of the J1-M267 haplogroup. C5, which con-
tains the highest mean frequency of this lineage (cluster
mean=65.46; p=0.000), is only influenced by Yemen and
Qatar in the Arabian Peninsula; both populations occupy
extreme outlier positions. Interestingly, C4, which has an
intermediate location between C5 and the centroid, in-
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Fig. 2. Phylogenetic diversity of Y-chromosome haplogroup E
among some Iberian populations from Spain and Portugal. Oc-
currences for haplogroup E/total sample sizes and sources for each
population are as follow: Basques SP 5/222 (a, b, c, d); Asturians
12/90 (b); Galicians 15/88 (e); NW Castilians 19/100 (e); N Portu-
guese 32/219 (b, e, f); S Portuguese 22/127 (b, e); Andal (Huelva)
20/167 (g); Andal (Granada) 17/250 (h); Andal (Seville) 11/155
(f); Valencians 7/73 (e).
cludes two Near East populations, Iraq and the United
Arab Emirates, and another two African samples: one
from Tunisia and another from Ethiopia (Amhara). It ap-
pears that haplogroup J1-M267 could have originated in
the south of the Arabian Peninsula (>70% in Yemen) and
then spread to other geographically contiguous coun-
tries, making it representative of the southern Arab
tribes. The presence of J1 chromosomes in Tunisians and
Ethiopians could be a result of the Islamic expansion.
Tunisia was an important region for the expansion of Is-
lam in North Africa and South Europe.
The Granada sample has been added to the HCA of 74
worldwide populations of Hg E and its lineages that is
shown in15. Granada is grouped in cluster C1, where
most of the European populations are included, while the
Huelva population is positioned in cluster C2. The main
reason for this is the difference between the numbers of
cases of the E-V13 lineage observed between the two
Andalusian samples. All the other features of the new
HCA (not shown here) did not change with respect to
those that had been presented in our early paper, and we
refer to the results and discussion therein.
Internal haplotype diversities
Based on 15 Y-STRs, we found 160/179 and 153/167
different »unique« Y-chromosome STR haplotypes among
Andalusian people of Granada and Huelva, respectively.
Table 2b presents the haplotypes assigned to Hg J in the
studied Andalusian samples. The intra-haplogroup ha-
plotype diversity of Hg J, based on extended haplotypes
of 9 loci was rather high: H=0.972±0.020 (Granada) and
H=0.954±0.057 (Huelva) with mean variances of 0.443
and 0.459, respectively. When considering the minimum
haplotype of 7 loci, the corresponding H values were, re-
spectively, 0.936±0.033 and 0.945±0.059. The modal ha-
plotype structure in the Andalusian J pool across 9 loci
was DYS19(14)/DYS389I(13)/DYS389II(16)/DYS390(23)/
DYS391(10)/DYS392(11)/DYS393(12)/DYS438(9)/DYS43
9(12), which is present on both sides of the region. Both
the observed modal and its surrounded haplotypes con-
tain the so-called Cohen modal haplotype [DYS19(14)/
DYS390(23)/DYS392(11)/DYS393(12)] without consider-
ing DYS388 microsatellite50. This haplotype is highly
represented in the Middle-Eastern J pool11,51. In our
Andalusian samples, we found that 11 out of 35 males
carry these four allele motifs and that more than half of
those Y-chromosomes were, in turn, associated with the
J1 haplogroup; the other 4 chromosomes belonged to the
J2a lineages. Interestingly, the 4 Andalusians from Huel-
va bearing a M267 mutation carried the Cohen haplo-
type, and three of them were also associated with the
haplotype 14/13/17/23/10/11/12 (the J modal haplotype in
Huelva). This allelic association has not been detected
among the J1 of the 7 Y chromosomes from Granada.
Nevertheless, the J1-14/13/13 (26)/23/10/11/12 lineage is
present in both sampled Andalusian subpopulations; this
haplotype is considered »rare« because of the presence of
allele 26 at the DYS389II microsatellite. Rare haplotypes
are generally young in an evolutionary sense, so that
they represent powerful markers for recent movements
through space of individuals or populations52.
Notably, three out of five Y-chromosomes (from the to-
tal studied Andalusia sample) carrying the M12 (or its
derived allele M241) are associated with the haplotype
15/12/16/24/10/11/12. The ancestral paragroup J* that
was detected in one individual from Granada was also as-
sociated to the same haplotype.
The estimated haplotype diversities (extended haplo-
type) for the J1 and J2 subclades were, respectively:
0.927±0.066 (J1) and 0.972±0.022 (J2); when Granada
and Huelva data sets were analysed separately, the H val-
ues differed only slightly (data not shown).
A total of 16 different Hg E STR haplotypes have been
observed among 17 YAP (+) Y-chromosomes (H=0.992±
0.023) (see Table 3b). This contrasts with the rather
moderate haplogroup diversity we observed in our Gra-
nada sample (h=0.676±0.094). The modal haplotype ob-
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Fig. 3. Hierarchical Cluster Analysis based upon five haplogroup
J lineages: J*, J1-M267, J2*, J2a-M410 and J2b-M12 in a set of
Mediterranean and other surrounding populations. Two plots are
displayed: a) defined by PC1-PC2 and b) defined by PC1-PC3.
Arrows (vectors) show the positions of the normed eigenvectors of
the subhaplogroup variables. Dots show the positions of cluster’s
centers after consolidation, with circle sizes proportional to the
number of populations that falls in each cluster.
served was 13/14/17/24/9/11/13/13.14/10/10. It is worth
noting the frequent presence of DYS19*13 (88%) (h=
0.404), which seems to define a particular affinity of the
specific alleles associated with YAP (+) males. In con-
trast, the fairly dominant E-M81 haplogroup among An-
dalusians from Granada showed a rather low haplotype
diversity of 0.833±0.126 (0.722±0.160 based on minimum
haplotype) and a low mean Y-STR variance (0.0833) in al-
lele size. Within the E-M81 cluster, the occurrence of the
so-called Maghrebin haplotype 13/14/16/24/9/11/13 is
predominant (5/9 Y-chromosomes M81). The frequency
of this haplotype in North Africa is appreciable10. Fur-
thermore, the two eastern Andalusian E-V13 chromo-
somes detected are associated with the same seven loci,
with haplotype 13/13/17/24/10/11/13, that is especially
represented in the Balkan region, and in Greece and
Crete, in particular. These genetic particularities are also
present in the western side of the region (Huelva prov-
ince) though with heterogeneous E-V13 and E-M81 fre-
quency patterns (see for details15,40).
The phylogenetic network of J2a-M410 and J1-M267
STR haplotypes is shown in Figure 4, and the frequency
of surface distributions (surface maps) of these two lin-
eages across the Mediterranean area is shown in Figure
5. The J2a-M410 network was constructed, for a total of
128 males, from 11 Mediterranean population samples
yielding a total of 92 different haplotypes (71% could be
placed on the network). Twenty-two haplotypes were de-
tected more than once, and they correspond to 79 indi-
viduals. No haplotype was common to all eleven popula-
tions.
Haplotype age is expected to be proportional to the
number of connections with other haplotypes. From the
node associated with modal haplotype 14/13/16/23/10/
11/12, which is located in the core of the network, there
emerge six adjacent haplotypes, most of which are shared
by two or more populations. The putative »ancestral«
node is represented by Turks, Sicilians and Andalusians
from Granada.
The J2a network, within which most of the links are
the expression of only one single-step mutation, could be
structured into three informative subclusters. The right-
-hand subcluster mostly concentrates Sicilian microsa-
tellite haplotypes (47%). Its largest node is located on the
main branch. It is distant from the modal haplotype and
comprises 6 occurrences of the most common J2a Sicilian
haplotype 15/13/16/23/9/11/12, and it is shared, to a les-
ser extent, with Andalusian and Balkan chromosomes.
All the Huelva and most of the Granada haplotypes ap-
pear to be mainly related with Balkan, Turk and Cauca-
sian single haplotypes. On the left side of the network,
we found the less diversified subcluster, with the main
branch (lineage) being occupied by a high proportion of
the Turk -and Caucasian- related haplotypes; the punc-
tuated presence of Sicilian, Greek and Granada single
haplotypes, which are depicted as peripheral branches,
constitute another interesting feature of this subcluster.
The third clustering of haplotypes includes the largest
node found in the network (n=11), with 4 different popu-
lations from Turkey, the Caucasus and a lower number
from Greece and Granada, where the shared haplotype is
14/13/17/23/10/11/12.
The network of J1 haplotypes (in Figure 4) was based
on 294 individuals from 6 population data sets. The net-
work is less complex than that of the J2a-M410 subclade,
possibly due to the more restricted geographical pattern
of the J1-lineage, with peak frequencies in the eastern
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Fig. 4. Median-joining microsatellite haplotype networks (shortest
tree) for J2a-M410 and J1-M267 haplogroups based on 7 Y-STRs
loci (DYS19, DYS389I, DYS389II, DYS390, DYS391, DYS392,
DYS393). Circles are proportional to the number of individuals
sharing that haplotype. Populations used to construct the networks
have been taken from the literature and the present study: Tuni-
sians, Egyptians from Northern and Southern, Arabs and Ber-
bers from Algeria (Arredi et al 2004); Turkish (Cinnogliu et al
2004); Sicily (Di Gaetano et al 2009); Balkan region and Greece
and Caucasus (Battaglia et al 2008); Syria and Jordan (El-Sibai
et al 2009); and Andalusians (present study). Occurrences for each
lineage and populations have been as follow: J2a-M410 (Anda-
lusians from Granada, 12/250 and Huelva, 5/167; Sicily, 23/236;
Balkans, 5/255; Greece, 13/92; Turkey, 42/523; Caucasus region,
25/104; Egypt, 1/73; Tunisia, 1/148, Arabs (Algeria), 1/35), J1-
-M267 (Andalusians from Granada, 7/250 and Huelva, 4/167;
Sicily, 9/236; Turkey, 44/523; Syria, 138/356; Jordan, 92/273).
end of the Mediterranean region. The ancestral node is
defined by the 14/13/17/23/10/11/12 modal haplotype,
which is significantly represented by Syrian, Jordanian
and Turkish samples. The network displays a dominant
main branch comprising three single-step linked large
nodes, which contains most Syrian (56/138) and neigh-
bouring Jordanian samples41 and some Andalusian sam-
ples from Huelva. Most of the Andalusian haplotypes are
positioned close to the ancestral node. Only one haplo-
type was present in both eastern and western Andalusia.
The time to most recent common ancestor (TMRCA)
of the Andalusian haplogroups was calculated using
BATWING, and it is depicted in Table 4. The range var-
ies between 2.1 and 9.7 ky, and hence, they are posterior
to the LGM and, in general, are included in the Neolithic
or Bronze Age. The TMRCAs estimated by7 are 52,500
years ago for the E haplogroup, 47,500 years ago for the
E1b1 subhaplogroup and 38,500 years ago for the IJ ma-
jor clade. Considering these values, it is most likely that
the J and E lineages were introduced into the Iberian
Peninsula during or after protohistory, with low diversifi-
cation there.
Discussion
Determining the effects of population mixing requires
knowledge of the genetic characteristics of the migrants
and their relationship to the host population, the regions
of origin of those migrants, the time of the migrations,
the proportion of immigrants in the host population, the
areas in the host region where they settled and the sub-
sequent internal movements of the mixed populations.
The historic sources that describe the magnitude and
composition of the migrations towards the Iberian Pen-
insula, despite being highly numerous, are very far from
providing enough data to evaluate all of these variables.
However, the effort required for this evaluation is neces-
sary to provide a coherent explanation of the obtained ge-
netic results, in which the documented migrations should
not be ignored because of uncertainty about their charac-
teristics and the complexity of the analysis.
The sub-haplogroups of the J and E clades of the Y
chromosome do not allow for clear distinction among the
contributions of the paternal lineages that originated in
nearby populations, although there are important differ-
ences among their frequencies. In this context, the terri-
tories of origin of the emigrants that left their signature
in the populations of the Peninsula can only be defined in
broad terms. For example, we cannot distinguish, with
the current data, among the different contributions of
the northern and southern Arabs for J1-M267 lineage.
The presence of the J and E haplogroups can be
mainly explained as a result of the migrations that have
taken place since the Neolithic and, in particular, the
ones that occurred during protohistory and history up to
the modern age. The observed J1 sub-haplogroup in the
Iberian Peninsula is most likely a consequence of the mi-
gration of Arabic populations during the Islamic expan-
sion, while the J2 sub-haplogroup seems to be related to
the Greek and Phoenician colonies that were established
in the Peninsula due to commerce that was mainly linked
to the mining-related wealth on that territory and the ac-
companying maritime trades. In both cases, these move-
ments were likely highly directional, and new immi-
grants settled only in some regions of the Peninsula
territory.
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Fig. 5. Surface maps showing the genetic patterns of J1-M267
and J2a-M410 haplogroups across Mediterranean and other neigh-
bour geographical areas. The maps were constructed from the data
of the 39 populations in Table 1.
TABLE 4
THE AGE ESTIMATES (IN YEARS) OF THE MOST RECENT COM-
MON ANCESTORS (TMRCA) FOR MUTATIONS DEFINING






J-12f2 35 9193 (8663–9723)
J1-M267 11 5184 (4852–5515)
J2-M172 23 9105 (8477–9553)
J2a-M410 17 7019 (6603–7435)
J2b-M12 5 4126 (3842–4409)
E-M35 37 8758 (8220–9297)
E1b1b1a-M78 14 7165 (6723–7607)
E1b1b1a2-V13 9 3493 (3265–3721)
E1b1b1b-M81 13 2699 (2512–2887)
E1b1b1c1-M123 (34) 6 6215 (5833–6597)
1 Values were computed over 15 loci microsatellites
2 CI, is the 95% Confident Interval
The Phoenicians settled in colonies on the coast of
Granada. Nevertheless, commerce was more intense
with Huelva, where the Tartessos kingdom was estab-
lished, and which maintained the strongest bonds with
the Greeks53. The ancient alphabets used in Huelva and
Granada were different, which indicates distinct cul-
tural, and possibly genetic influences among the migra-
tions that introduced them. The Carthaginians were
made up, in part, of Phoenicians who aggregated with
other groups that would have contained Berbers from
the area surrounding Carthage. Their armies were for-
med by mercenaries from the Mediterranean region, in-
cluding Iberia. The efforts to quantify the contributions
of these migrations are currently idle.
Different processes could explain the presence of the
sub-haplogroups E-M81 and E-M78; the first of which is
associated with the Berber component of the Islamic ex-
pansion, and to a lesser extent, with the older expansion,
whereas the second would be associated with the previ-
ously mentioned increases in trade, particularly the mi-
grations directed to the Tartessos kingdom.
With respect to the migrations associated with the
Muslim conquest and the Christian reconquest of the
Iberian Peninsula, it is first important to point out the
fundamental military character of the Muslim expan-
sion, which involved an army organised around a tribal
base. This army entered the Iberian Peninsula in the
year 711, and it was composed of northern and southern
Arabs and Berbers. The subsequent fights among the di-
verse invading groups were numerous, which necessi-
tated the entry of a new army in the year 741, made up of
contingents from the diverse Islamised regions in the
near East and Egypt. These contingents were separately
settled in the Peninsula. The contingent of Damascus
settled in Granada, that from Jordan in the province of
Malaga, and the one from Egypt close to Huelva. The
Arabs settled preferably in the cities, while the Berbers
mostly inhabited the mountain regions, reaching the
centre and northwest of the Peninsula, including Galicia,
the north of Portugal and León54. For several centuries,
the northeast was also occupied by the Muslims, extend-
ing to Barcelona and Pamplona. Nevertheless, the main
settlements were in Andalusia, where the capital of the
caliphate, Córdoba, was located. Córdoba was a great city
at that time.
Al-Andalus, the name given by the Muslim conquer-
ors to the Iberian Peninsula, was soon isolated from the
rest of the Islamic Empire; however, two other Berber ar-
mies later entered Iberia: the almorávides (1090–1147)
and the almohades (1146–1229). The powerful Cordoban
State of the Omeyas disappeared in 1031, leaving the for-
mer kingdom a divided territory in several independent
kingdoms or Taifas. This favoured the progressive Chris-
tian reconquest, which was completed in 1264, with the
exception of Granada, which was reconquered in 1492.
In the VIII century, the population of Spain was esti-
mated to be between 7 and 8 million inhabitants and,
during that time, approximately 150,000 to 200,000 Mus-
lim warriors entered the territory55. The largest part of
that immigrant population was north African (120,000 to
160,000) of Berber origin, which represented between
the 1.5 and 2% of the Peninsula population. The corre-
sponding population of Arabs is estimated to have been
between 30,000 and 40,000 (0.4–0.5%), and approxima-
tely half of them were southern Arabs or Yemenis. It is
unknown how many Muslims of those who entered the
Iberian Peninsula in the VIII century ended up settling
there, how many died because of the numerous conflicts,
or how many brought their families to the Peninsula fol-
lowing the conflicts. The previously determined relative
values for genetic contribution based on data from the
Y-chromosome should be multiplied by at least 2 because
all these of immigrants were males, and they should
probably be multiplied by 2 or 3 because most of them
were of reproductive age. Hence, in the case of the
Berbers, the percentage of genes of the Y chromosome in-
troduced would be approximately 10%, and it would be
approximately 2% for Arabs, if all of these individuals re-
placed resident males in the transmission of their Y chro-
mosomes to the next generation. In the less-populated
regions of the Iberian Peninsula, those percentages could
be even higher. Nevertheless, that scenario seems less
feasible and too extreme, and that is why we propose rel-
ative intermediate values, with a percentage of 5% for
the Berbers and 1% for the Arabs for the total in the Pen-
insula.
The genetic effect of the immigrants in the host popu-
lation would have also been enhanced by polygamy, a
marital behaviour that was practised preferably by the
wealthiest individuals, who, to a great extent, were
Arabs. Nevertheless, this effect would have been very dif-
ferent in the context of the whole genome, and in the
case of the Y chromosome in particular. The 10 Emirs
and Caliphes who made up the Umayyad dynasty in
Al-Andalus were all sons from concubine slaves, almost
all of whom were Spanish and from the North of the Pen-
insula. The founder of this dynasty, Abd al-Rahmân I,
was the son of a Berber woman, and his son and Emir
successor had a Spanish mother. Therefore, the genome
of Hi{âm II, the tenth and last Caliphe of the Umayyad
dynasty, would have mostly originated from the Iberian
Peninsula and would not be more than 0.510=0.001 of
Arab descent, although the Y chromosome would still be
of fully Arab origin55.
The development of the Christian reconquest caused
complex episodes of repopulation, colonisation and popu-
lation assimilation; in other words, it was a series of his-
torical events that could have strongly influenced the
spatial genetic variation patterns inside the Peninsula.
In this period, Andalusia was repopulated with »old
Christian« peasants from Castile and Aragón, as well as
those from more distant areas such as Galicia and even
Portugal.
After the conquest of the Granada kingdom in 1492,
numerous Moriscos (descendants of the Muslim popula-
tion) remained in the region. Finally, in 1609, the expul-
sion of the Moriscos from Spain was decreed. Their num-
bers have been estimated at between 300,000 and 500,000,
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and many of them were sent to the Maghreb56. Neverthe-
less, a considerable percentage of the Moors remained in
Spain because their professions were very hard to re-
place. Subsequently, some of the expelled Moriscos, or
their descendants, were able to return to Spain. Whether
the genetic characteristics of the expelled Moriscos who
returned notably differed from those subpopulations be-
longing to the regions where they lived is an interesting
question because, after the 900 years that passed from
the Muslim invasion to their expulsion, it is highly im-
probable that there remained a significant correlation
between religion and genetics.
The number of Jews that entered Spain is unknown,
and although some sources have suggested their pres-
ence extends back long before the Roman Empire, the
most credible hypothesis is that they settled there during
the time of the Roman Empire and that their numbers
increased later with the Muslim invasion. In the city of
Elvira (close to present-day Granada city), they were nu-
merous, and their presence there is known since before
the fourth century due to writings from bishops from
that city who prohibited the Christians from allowing
their daughters to marry Jewish people57. In 1492, the
expulsion from Spain of those Jews who did not convert
to Christianity was decreed. The number of expelled
Jews is unknown. Nevertheless it has been proposed58
the following distribution: during the end of the 15th
century, the total number of Jews in Spain was around
400,000 for a total population of 7–8 million, from which
240,000 were likely converted, and the remaining 160,000
would have accepted exile. Hence, the Jewish population
was estimated to constitute 3.5% of the total demography
of the country after their expulsion, half of which would
have been males, and a portion of those, which could
have been considerable, were not ethnic Jews. The larg-
est portion of the expelled Jews ended up in Portugal,
which had a population of 1–1.5 million. The size of the
Jewish population in Portugal in 1492 has been esti-
mated to be 190,000 which represents the sum of all of
the individuals who lived there before and those who
were expelled from Spain. During the period of the politi-
cal union of Spain and Portugal (1581–1642), some of
those Jews returned to Spain. All of these numbers con-
tain a large degree of uncertainty, but they do demon-
strate the enormous disparity between the frequency of
Jews in Spain and Portugal and the high dependence of
the demography of the host population on the impact of
this kind of migration in the correspondent gene fre-
quencies. The Jewish people who are relevant to the
study of migrations in the Iberian Peninsula are those
who remained in Spain and whose descendants still live
there, independent of their religion and considering only
the origin of their ancestors. The current Sephardic
Jews, who are only partially descendants of the Jews who
lived on the Peninsula59 and who are mixed with individ-
uals from countries where they lived after their expul-
sion from Spain are of secondary interest for this study,
except as comparative populations. A difficulty often
found in inferring Jewish migrations from genetic infor-
mation is that they do not have clearly dominant haplo-
groups or sub-haplogroups in the Y chromosome, which
makes the effect of admixture with other populations
weakly reflected in their genomes.
With respect to the Romans and the Visigoths, Ro-
mans appear not differ much genetically from the Iberi-
ans, particularly in relation to the Y chromosome, such
that the gene frequencies of the population would not
have changed much due to these invaders. The Visigoths,
who invaded in 409, were between 80,000 and 100,000
individuals, of which 20,000 were warriors. They settled
in the middle and north of the Peninsula, and for several
generations, they married among each other. The size of
their masculine population is hence modest, and mar-
riage inside the group would have reduced their mixing
with the general population. Nevertheless, their concen-
tration in a reduced and well-defined area of the Penin-
sula could have left some traces that persisted until the
present. The result of the concentration of immigrants in
a part of the territory of a country and the subsequent
migration of a portion of that population to other regions
of the country after several generations, leads to rela-
tively lower frequencies of their genetic markers in the
part of the territory that received the emigrant genes in a
second phase, compared to an initial homogeneous distri-
bution of emigrants around the whole territory.
The results that have been obtained using diverse
methods coincide in several aspects, and the frequencies
observed in Andalusia can be adequately explained by
taking into consideration the frequencies of those haplo-
groups in the population, the origin of the migrations
and their estimated sizes. The HCA of the J haplogroup
has established groupings of populations that locate the
two Andalusian samples in the group constituted by the
majority of the European populations, and it establishes
significant differences between those and the Arabic pop-
ulations for the J1-M267, and the populations of Greece,
Iran and the Caucasus for the J2a-M410. The HCA for
the E haplogroups is placed in two different clusters in
Huelva and Granada, due mainly to the highest fre-
quency of the E-V13 lineage in Huelva, which is most
likely associated with the intensity of exchanges with the
Tartessos kingdom. The contour maps also suggest the
origin in the south of Arabia for J1-M267 lineage. These
maps indicate movement across the Mediterranean and
across the extensive and less populated North African
region. A demic diffusion model for these movements
seems unlikely. A population movement passing central
Europe and reaching the Iberian Peninsula is not sup-
ported by these maps. The network, which could only be
constructed from a lower number of populations com-
pared with the other methods, because of the lack of ap-
propriate data in the literature, locate several of the
Andalusian haplotypes in the most central regions of
these networks. This seems to indicate a movement with-
out intermediate phases, in which the immigrating popu-
lations were sources of those sub-haplogroups until they
reached the Peninsula. The estimated ages of microsa-
tellite variation associated with haplogroups/subhaplo-
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groups J and E in Andalusia do not support an introduc-
tion of their different lineages prior to the Neolithic.
In conclusion, the analysis of the Y chromosome was
conducted through 2 of its haplogroups (J and E), which
are some of the most mutationally diverse and most in-
teresting haplogroups for the study of the peopling of the
Mediterranean area. The selection of a geographic region
(Iberia) situated in one of the extremes of this geograph-
ical space, through which many highly diverse migratory
populations entered, and which we carried out using ap-
propriately selected samples, allows a precise under-
standing of the global result of these migrations until the
present time. The size, origin, timing and mode of intro-
duction of migrants and the genetic characteristics of the
studied population samples, which are critical variables
for these studies, have been discussed here in the context
of the Andalusia region. Our findings from this survey
highlight the complexity of the migration processes that
have taken place throughout the Mediterranean, which
were highly relevant from protohistorical times, and
demonstrate the impact of the different population sour-
ces on the current genetic composition of the population
of Spain.
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ISTRA@IVANJE NASELJAVANJA IBERIJSKOG POLUOTOKA IZ PERSPEKTIVE DVIJE ANDALUZIJSKE
SUBPOPULACIJE: ISTRA@IVANJE TEMELJENO NA J I E HAPLOGRUPAMA Y KROMOSOMA
S A @ E T A K
Cilj ovog istra`ivanja je viskorezolucijska analiza haplogrupa J i E Y kromosoma me|u andaluzijskim stanovnicima
kako bi se rekonstruirale neoliti~ke, pretpovijesne i povijesne migracije u mediteranskoj regiji. Provedeno je genotipizi-
ranje dva uzorka s Grenade (n=250 mu{karaca) i s Huelve (n=167 mu{karaca) ([panjolska) na binarnim i mikrosate-
litnim markerima na Y kromosomu te su rezultati uspore|eni s ostalnim mediteranskim populacijama. Ova dva uzorka
pokazuju geneti~ku razli~itost koja se mo`e povezati s razli~itim evolucijskim procesima. Migracije prema Andaluziji
vjerojatno su zapo~ele na Arapskom poluotoku, Levantu, Balkanu i sjevernoj Africi, predominantno u pretpovjesnim i
povjesnim vremenima. Moreplovstvo je zna~ajno doprinjelo nedavnom priljevu gena na Iberijski poluotok. Ovaj pregled
nagla{ava slo`enost procesa mediteranskih migracija te pokazuje utjecaj razli~itih izvora populacija na geneti~ku kom-
poziciju {panjolskih populacija. Glavne imigracije na Iberijski poluotok se vrlo vjerojatno nisu odvijale u me|ufazama, a
ako jesu, onda ih je bilo samo nekoliko.
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